An optical method is used for measurements of mechanical properties of foams. The method is based on analysis of diffraction pattern and does not require calibration. The measurements of the stiffness were performed for the conventional and auxetic foams. It was found that the stiffness of auxetic foams is several times greater than that of conventional foams.
Introduction
Polyurethane foams are materials have long been found in every area of life. Foamed plastics are versatile. By modifying their cellular structure can be obtained the auxetic structure. Such materials are characterized by superior utility properties than traditional foam materials. Traditional polymer foams have the Poisson ratio from 0.1 to 0.4. the Poisson ratio is defined as the ratio of the transverse deformation to the longitudinal deformation with an axial stress state. Auxetic materials display negative the Poisson ratio, i.e. they are not common ones. When stretched they become thicker perpendicularly to the applied force. Such materials are expected to have interesting mechanical properties, e.g. high energy absorption. Their structure can be of honeycomb form (Fig. 1) . The * corresponding author; e-mail: ftkwiece@prz.edu.pl auxetic foams have negative the Poisson ratio values from -0.1 to -0.7 [1] . Foam materials with negative the Poisson were first produced by Lakes [2] and then by several others [3] [4] [5] [6] [7] .
Conventional viscoelastic foams NVE65H manufactured by Natural Chemical Products Poland were compressed triaxially, in three orthogonal directions ( Fig. 2 ) and next were put for 10 min to a container which had the temperature of 200
• C [8] . Sample dimensions a×b×c after compressions were 0.714a × 0.714b × 0.714c according to the recommended literature [2] [3] [4] [5] [6] [7] . The stiffness k of a body is a measure of the resistance offered by an elastic body to deformation k = F ∆l where F is the force applied on the body, ∆l is the displacement. The measurement of the stiffness were performed for the conventional and auxetic foams by using laser system. 
Experimental measurement system
A laser beam falls on a very small slit between the reference edge 2 and the mirror 1. We obtain the diffraction pattern on the screen S. Laser Compass 215 of λ = 532 nm has been used. The intensity distribution of the diffraction pattern is described by the Fraunhofer formula [9] :
(182)
where λ = 0.532 µm, f -the distance between the screen and the slit, I 0 -the light intensity at x = 0, D -the width of the slit, x -the position of fringes.
One should point out that the proposed method is a non-contact and non-inertial one [9] [10] [11] [12] [13] . In the mechanics, and physics, Hooke's law of elasticity is an approximation which states that the extension of a spring is in a direct proportion with the load added to it as long as this load does not exceed the elastic limit.
Results
Our optical measurement method is based on a diffraction phenomena of light on a slit. The experimental system is shown in Fig. 3 . The laser beam is incident on the slit created by a reference edge and a moving mirror. The diffraction pattern is observed on the screen with a standard scale where dark fringes are of the same width as the slit. The position of the moving mirror can be measured by a sensor. The deformation versus force is shown in Fig. 4 . We determine the stiffness on the basis of the deformation versus force. The results are presented in Table I .
TABLE I
The mechanical properties of foams. The measurements of the Poisson ratio for viscoelastic foams like NVE65H are presented in paper [15] . A characteristic parameter of auxetic foams is the volumetric compression ratio R CV = V p /V a (where V p -the initial volume of the foam specimen before processing, and V a -the final volume of the processed foam). Other authors also make auxetic foams as illustrated in Table II . The auxetic foam NVE65H has the Poisson ratio higher than foams from Table II and the stiffness was determined for it.
Conclusions
Auxetic foams and conventional foams have quite similar properties, because of linearity of the diagrams describing a dependence of the deformation versus the stress. The conventional foam of a type NVE65H exhibits linearity, while an auxetic NVE65H foam exhibits a concavity. The structure of polyurethane foams are more resistant to indentations than conventional foams (Fig. 5 ). An auxetic material contracts laterally where material flows to the site of the impact (Fig. 6) . The auxetic material is more deuce at the site of the impact and therefore it is more resistant to indentation. Analytical approaches to this type structure are difficult to find [16] . [18] .
